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INTRODUCnON 
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This  research  program  is  designed  to  address  the  critical  need  for  data  on  the  gas- 
phase  chemistry  of  solid  propellants  through  the  development  and  application  of  a 
Microprobe  Mass  Spectrometer  (MPMS)  system.  The  MPMS  system  is  being  used  to 
study  the  gas-phase  chemistry  occurring  above  solid  propellant  ingredients  and  actual 
solid  propellants  when  they  are  heated  and/or  ignited  by  the  heat  flux  from  a  CO5  laser. 
Currently  the  MPMS  system  uses  quartz  microprobes  with  orifice  sizes  of  twenty  microns 
which  result  in  a  spatial  resolution  of  approximately  100  microns.  In  addition  to  the 
MPMS  system,  direct  and  Schlieren  photography  are  being  used  to  study  the  flame 
structure  and  twenty-five  micron  thermocouples  are  being  used  to  measure  the  gas-phase 
temp^ture  profile, 

■  The  specific  goal  of  this  research  is  to  obtain  detailed  species  profiles  of  the  major 
reacting  species  above  the  surface  of  individual  propellant  ingredients  and  actual 
propellants  in  order  to  obtain  an  improved  understanding  of  the  controlling  chemical 
processes  and  of  the  interactions  of  binders  and  oxidizers  in  heterogeneous  propellants. 

In  the  testing  both  heterogeneous  and  homogeneous  propellants  are  being  studied  as  well 
as  their  individual  ingredients^  Testing  to  date  has  included  RDX,  HTPB, 
BAMO/NMMO,  XM-39  and^pLx-9,  which  are  RDX  based  materials,  and  finally  M-IG 
and  JA-2,  which  are  double-bas^  propellants.  1' 

ENHANCEMENTS  OF  THE  MPMS  SYSTEM 


During  the  last  year  several  significant  enhancements  of  the  MPMS  system 
capabilities  were  made.  After  considerable  development  work  diatomic  hydrogen  was 
detected  with  the  system.  This  capability  is  a  significant  because  other  measurement 
techniques  including  PLIF  and  FTIR  cannot  measure  hydrogen,  which  is  present  in 
significant  quantities  and  is  potentially  an  important  reactant.  Secondly,  calibrations  for 
most  of  the  major  intermediate  species  have  been  performed  so  that  the  mole  fraction  of 
the  various  compounds  can  be  determined.  Calibrations  for  many  species  including 
CO,  CO2,  NO  and  NO2  were  performed  directly  in  the  gas-phase,  then  calibration  factors 
for  other  key  species  were  calculated  using  these  results  and  data  on  ionization  cross- 
sections.  Finally,  new  control  and  data  reduction  programs  were  written  for  the  mass 
spectrometer  which  have  improved  the  flexibility  of  the  MPMS  and  the  reliability  of  the 
data  reduction  process. 
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EXPERIMENTAL  RESULTS 

Over  the  course  of  the  last  year  nearly  fifty  tests  were  performed  with  pure  RDX 
and  various  propellants.  For  the  purposes  of  illustration  of  typical  results,  data  from 
RDX  tests  will  be  discussed  as  well  as  from  JA-2  which  is  a  triple  base  material. 

The  RDX  results,  presented  in  Figure  1,  contain  the  major  species  detected  for  a 
test  of  pure  RDX  in  argon  at  one  atmosphere  pressure.  For  this  test  the  laser  heat  flux 
was  100  W/cm^  The  probe  was  placed  on  the  sample  surface  at  the  beginning  of  the 
test  in  an  attempt  to  sample  gases  within  the  melt  layer.  The  distances  presented  in  the 
figure  are  derived  from  high-speed  Schlieren  movies  which  had  a  spatial  resolution  of  67 
microns. 

Upon  initiation  of  laser  heating  a  high  density  region  evolves  from  the  surface  of 
the  RDX  and  it  is  within  this  region  that  the  high  concentrations  of  formaldehyde  are 
detected.  The  length  of  this  region  as  indicated  by  the  figure  may  be  overestimated  due 
to  the  fact  that  some  of  the  melted  material  actually  stuck  to  the  microprobe  and  may 
have  artificially  lengthened  the  time  during  which  species  from  this  region  were  detected. 
As  the  probe  leaves  this  region  a  rapid  rise  in  NO,  CO  and  HCN  occurs  as  NO  and 
formaldehyde  decrease.  This  region  is  then  followed  by  a  decrease  in  HCN  and  NO  and 
a  rise  in  N2  in  the  primary  flame  zone.  In  these  figures  then  the  primary  flame  appears 
to  occur  at  a  distance  of  approximately  2mm  above  the  sample  surface.  This  distance  is 
somewhat  larger  than  expected;  two  possible  reasons  are  the  effect  of  the  incident  heat 
flux  and  the  effect  of  the  melt  layer  material  which  was  mentioned  above. 

When  the  above  results  are  compared  to  the  results  of  Korobeinichev,  et  al.,  the 
comparison  is  quite  good  for  the  region  above  the  melt  layer,  i.e.,  the  true  gas-phase 
region.  Trends  in  species  profiles  are  the  same  and  the  concentrations  of  the  species  are 
comparable,  especially  considering  the  fact  that  the  data  from  Korobeinichev  was 
obtained  at  0.5  atmospheres  without  any  external  heat  flux. 

Representative  results  for  a  double-base  propellant,  in  this  case  JA-2,  are 
presented  in  Figure  2.  These  results  were  obtained  in  tests  performed  in  a  similar 
manner  to  the  RDX  test  with  the  probe  initially  located  on  the  sample  surface;  the 
ambient  gas  was  argon  at  one  atmosphere  pressure  and  the  heat  flux  was  100  W/cm^.  In 
these  results  the  initial  data  taken  within  approximately  one  millimeter  of  the  surface 
occurs  during  the  ignition  transient;  the  remainder  of  the  data  is  taken  from  the  dark 
zone.  The  major  species  identified  include  NO,  CO,  CO2,  H2O  and  H2  and  they  all  show 
rather  gradual  changes  within  the  dark  zone.  Minor  species  include  HCN,  NO2  and 
formaldehyde.  Due  to  the  arrangement  of  the  sample  and  the  microprobe,  species  from 
within  the  fizz  zone  could  not  be  sampled.  However,  some  of  the  species  that  feed  the 
primary  flame  are  measured  during  the  transient  period  of  the  test.  Overall  these  results 
are  in  good  agreement  with  prior  studies  in  terms  of  the  species  detected  in  the  dark 
zone;  however,  since  they  are  the  first  measurements  of  species  profiles,  no  comparisons 
of  the  profiles  to  earlier  work  can  be  performed. 

FUTURE  WORK 

In  the  next  year  the  work  will  emphasize  nitramine  materials  and  heterogeneous 
propellants.  In  particular  additional  tests  with  RDX  and  XM-39  will  be  performed  at 
different  heat  fluxes  and  pressures  from  0.5  to  2  atmospheres.  Also,  if  a  source  of 
polycyclic  nitramine  pellets  can  be  found  these  new  materials  will  also  be  tested. 
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Species  profiles  for  a  double-base  propellant,  JA-2,  in  argon  at 
one  atmosphere  with  a  heat  flux  of  100  W/cm^. 
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